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N&TIONALADVISORYC~ FOR AERONAUTICS

RESEARCHMEMORANDUM

IOW-SPEEDWIND-TUNNEL~IGATI~ OF LATERALCQNTROL

CHARACTERISTICSOF A @ TRIKNGUIAR-W~GMODEL

HAVINGHAIJ’-IEIU2ATIP CQNTROLS

By - M. jhqpet endM. J. Quei~o

8UMMKRY

A low-speedinvestigationwas made in the Langleystabilitytunnel
to detemine the lateralcontrolcharacteristicsof a @ triangul-
wlng model equippedwith half-deltatip controlshatingareasof 5, 10,
or 15 percentof the wing area (swnof lef%-”and right-controlareas).

.
J
*8 ofThe cotiroleffectimness C26 end rollingeffectiveness~

tip controlswere foundto be mid lowerthan those for constant-chord
y controlsof appmxlmatel.ythe mane area. The tip controlslost effec-

tivenessswith an @crease fn angleof attackmuch more rapidlythan did
the constant-chordcoutrols. The controleffectivenessand rollingeffac-
tivenessof tip controlsincreasedIn aboutdirectproporticmto the
increasein controlarea et ldw anglesof attack.

The controleffectivenessand rollingeffectivenessat moderateend
high anglesof attackcouldbe Improvedby deflectingthe controlssym-
metrtcald.y(trailingedgeup) In conjunctionwith asymmetricaldeflec-
tions. Symmetricaldeflectionsin caq)unctlonwtth asymmetricaldeflec-
tions decreasedthe adverseyawingmments or made them favorable.

An availabletheorycouldbe used with good accuracyto predictthe
cantroleffectimnessand rollingeffectivenessof half-deltatip con-
trols at zero angleof attack. -

mIUCTION

.,*
Severaltypesof controlshavebeen investigatedon triangular

but the cdntrolaspectsof thesewingshave nti been as extensively
r tigatedas havethe aerodynamiccharacteristics(see,for e.xqle,

wings,
inves-
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references1, 2, and 3). Flap-typecontrolshave good effectivenessat
subsonicspeedsbut inherentlyhave high hinge,_nts (references4
and 5) alongwith a rapid10bs in rollinggffectivepesaat transonic.“.-.;
end supersonicspeeds(reference6). Half-de+tatip controlspermita
wide choiceof“hingelocationto provideaerodynamicbalanceand have
been foundto have good rollin$effectiveness..at transonicend low-
supersonicspeeds(references7 ma 8).

In orderto providea more cCuUplet~UM&tandin$ of kip controls,
.. .

a researchprogramis being”conductedin the Langleystabilitytunnel
to determinethe low-speedcharacteristicsof these controls. Investl-
gationshavebeen made with a 60° triangular.wlngto.@ermine the effects
of symmetricaldeflectionof half-deltatlp controlson the rolling
characterstics of the wing (reference9) and on the staticlongitudinal
stabilityand controlcharacteristicsof the @ng in ccmibinationwith a
fuselage(reference10).

The presentInvestigateionpresentsthe leheralcontrolcharacteri&ics
--- —

of a 600 triangular-tingmodel eqpippedwith half-deltatip controls
hatingareasof 5, 10; and 15 perdentof the wing &ea”~m of left-and
right-controlareas). For a few tests,circularend plateswere mou@ed
on the wing adjacentto the inboardend of the”10-percent-areacontrols.

Althougha specifictheoryfor the control~character&ics of tri- -.
angularwings equippedwith tip controlsis la~i~j the e~riment.al d@8
are comparedwiththe theoryof low-aspect-rat!Qwings of reference11
whe= applicable.
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The datapresentedhereinare In the fonu of standar&~CA symbols
and coefficientsof forcesandmcmetitswhicha~ refer=_dto the W-ability
systemof axeswith the originat the projectibn of the quarterchordof
the wingmean aerodynamicchordon the plane of synmetry. The positive
directionsof the forces,mments, and angular,displacementsare shown
in figure1. The symbolsand coefficientsused hereinare &flned as
follows:

Cy “

.

.—
_:
....

. . . ...- .-l-
—

“.”-—- ........---
..- :A

. . “T-
-.~..----

cm

._—
e-...” .-.

...- —
---

—.F
.-.

.

-----
... . .--.

lift coefficient()-’& s “: ...

(iii)lateral-forcecoefficient y
.-

.

pitcQing4amentcoefficient(1‘a
------ ~--

v

.-
---- -
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L

Y

M

N

Lf

A

b
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q

v

a

P

%Mln

8~
w

yawing-mmnentcoefficient
()*

rolling-moment

lift,pounds

lateralforce,

coefficient
().%

pounds

pitchingmoment, fOot-pounds

yawingmment, feat-pounds

rollingmcment,foot-pounds

wing aspectratio
()
g“

wing span,feet

wing mesn aerodynamicchord,feet
(:[’2+

ting localchordmeasuredparallelto plane of symnet~, feet

w5ng area (includlngcontrolarea),

controlarea (sumof left end right

spenwisedistancemeasuredfrcm and
symmetq, fe~ .

-c Pre~~, poundsper square

squarefeet
I

controls),squarefeet

perpendicularto plane of

foot
()

v’
‘F

..

—.

. .

.

—

free-streamwlocity, feet per second .. .

sngleof attackof fuselagecenterllne,degrees

mass densityof air, slugsper cubicf.ti —.
,..

symmetrical deflection of left and rightcontrolsurfacesfrcm
wing-chordplane~ degrees J.-~:

deflectionof rightcontrolwith respectto wing-chordplane,
degrees
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w

8 totalailerondeflection, degrees 8R - &&) -,,
* wing-tiphelixangle,“raUans ~ ---
2V

.-.

P rollingangularvelocity,radiarmper second .-

-..

. ._

A incrementin controlparamder causedby
cleflection**

..
—.-—.. . .=

, . - ._=
--- - . -. .. - _—-.. —

..- .9

—..

--

--- .— .,

---- -. —~

.>
—- _-

---
symmetricalcontrol *-.:

-.

.W.

APPARA!CUS,McmIs, AEDTES!FS

The presentinvestigationwas conductedin the 6- by 6-foottest
-- .—

sectionof the Langleystabilitytunnelwith the modelmountedon a —.
single-stintsupport and pivotedaboutthe qutier chordof the mean

. -.
. .

aerodynamicchord. The supportstrutwas attachedto a six-component ~
balancesystem.

The modelused in the presentlnvestigati6nwas a wing-fuselage
--- 7

ccmibinationconstructedprimarilyof laminated.mahogany. The wing had
a 60° sweptbackleadlngedge,an aspectratioQf 2.31,a taperratio
of 0~ and NACA 65(W) -006.5 airfoilsectionsparallelto plane of symnetzy.
The sectionswere modifiedby falringstrai@t linesfromthe 70-percent- --
chordlinetangentto the trailing-edgeradius..The trailing-edgeangle
WRS 80. The fuselagehad a circularcrosssectionand a finenessratio
of 7.38 (fuselageordinatesmay be o~ained from refennce 12). Pertinent
model dimensionsare ginn in figure2. . ..—..—— w“

The wing was eqtippedwith half-deltatip controlshavingtotal
areas (sumof left and right)of 5, 10, and 15 yercent of the total

. . .
——
*-

,-_ .-:
.

.. —-.. . . .. .. .
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u
wing area. The hinge Me of each controlwas at the centerof the
inboardchordof the controland was perpendicularto the plane of sym-

.
metry. Circularend plates,in the fonu of 10-inchdisksof ~ -inch

%
brass,were used with the 10-perceti-amacontrols. The end plates~re
mounted@acexrt to the inboardend of the tip controlswith the gap
Wbween the controland end plate sealedfor the tests. Photographsof
the wing-fuselageccmibinationhaving10-percent-areatip controlswith-
out and with end pitiesare presentedas figures3(a) and 3(b)S respec- .—.
tively.

The followingtable summarizesthe tests of the presentinvestigation:

%&

}

).05

.10

.15

P_

?*%
b

(deg)

[

o -30,-20,-10,0,10,20,30

-lo -40,-30,-20,-10,0,10,20

-20 -50,-40,-30,-20,-10,0,10
1~w-ti,-w,-b,-30,-=, -lo,g

o -8,-6, -4,-2,2,4,6,8

-30,-20,-10,0,10,20,3(

I-8,-6, -4,-2,2,4,6,8

(d&)

-4 to 36

--4to12

Y
The syibol ~~ representsa symmtricsl deflectionof left and right
controls. The testswith the 10-pe@cent-areacmtrols were made with and
withoutend plates. The tests of the l>percent-areacorrtmls* -1
deflectionswere made to detemlne the lineerltyof the forcesand mcments
withinthe rangeused to determinethe controlparameters(100to -1OO).

ml testswere made at a -C pressureof 39.7 pounds pgr square
foot.a Mach mmiberof 0.17,and a Reynoldsnumberof 2.06 x 10 (based
on tfiewing mean aerodyns& chordof-1.76

CORRECTIONS

feat).

i

Approximatecorrectionshave been applledto the angleof attackto
accountfor the effectsof the Jet boundaries. The methodsof reference13
were used to detemlne m approximatecorrectionfor the effectsof block-
age on the dynamicpressure. The datahave not been correctedfor the
effectsof the _rt-strut tareswhich are believedto be mall. To.
accountfor slightmodel asymmetry,the valuesof Cy, CnJ =d Cz

for ~ - ~~ = 0° have been subtracted from the datafor otherdeflec-
W tione.
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RESULTS AND D16CU6SI~
—
.-.
-.

PreliminaryRemarks
.-

.- —

.-...---”-—

The longitudinalcontrolcharacteristicsof the model (obtained .-
reference10) are presentedIn figure4-to relateme. lateralCOn- .. - - -U
charactersticsof the modelto the-longitudinaltrim conditions.

.-
The basic lateral-controldata (Variatlfiof Cy, tin}ud Cl

._.=

u) presentedin figures5 to 8 were used to @ten&e the control ~—. ..
parameters CY5J WJ ~ Czbo The&eptixera are slopesof curves .—

of the coefficientsmeasimedbetween ~ . ~~ = +@. ~ orderto
...-. =

detemi.nethe linearityof the controlparametersfor controldeflections
smallerthan thoseused to determinethe SIV,S ‘(8R- ~tr~ = *l@),
the l>percerrt-areacontrolswere deflectedin 20 incrementsbetween
~ - %rlm = *O. Thesedata are presentedin.figure9 in additionto
dataat othercontroldeflections.

—
Althoughthe c~s are nonlineareven . .-

..—

for smallcontroldeflections,the slopeso~a+ned by falringthe curves
between*lOo are generallythe seineas those fAiredthrough 5R - ~r~ = @. _“

. ..-. --- .;
.r--.~

Lateral-ControlEffecti=ness -
.-

.

Effectof symme
.

tricalcontroldeflection.-The variationof Cy5, Y

and c~5 with angleof tiack for eachm@el configuration~d
,..---

severaltrim conditionsis presentedin figure,10. For & givencontrol- . , ,~
sizewith ~r~ = 00, as the angleof attackIs increasedthe values
of CY8 and ~ becomemore n

..

egativeendmore positive,respectively.

The lateral-controleffectivenessparmeter Cta getirallydecreases,

(becoluesle6snegative)with an increasein a@e of attackfor each of ““ - ‘-, -
the controlsizesihvestigdedwith a reversaloccurringat high angles -, - ;
of attack. The decreasein effectivenesswith“anIncreasein angleof ,,,,,.:
attackcan probablybe attributedto tm tip st.~1Pro~ssin6 i~~o%!!
as the augleof ettackis increase~

_-.._...-..-.- ...-.

With respectto ~~ =“
.:

00 synnuetricalcti.ml deflections, ., - ,_ ........~j

(~r~ = -1OO,-200,and”-300)generallymade the valuesof cY~ more ._—

positi= and the valuesof ~ more negati=,&ch ,~su”ltsIn,a @clay -- . 1

of the adversey@wingmomentsto higher&ies of attack. At low angles ‘-- -
of attack,smell.negati~ syme@icsl control~f lections.generallyhen
little”effect”on the controleffectiveness i~ge deflections . . ‘CZ&)whereas
generallycausea largedecreasein %8” The investigationof reference10 ...._..,.,

-. .“.::- _.._.. --

w.%!%!i&&

..
-.. .-

..- - .. ..-_ ---- . . -
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Indicatedthat half-deltatip controlshad low pitching-~nt effec-
tivenessand were effectiveas a trlnmingdeviceonly If the static
~~ at CL = O was reducedconsiderably.Thus, it appearsthat
symmetrical.deflectionswouldbe used only as a means of deleylngthe tip
stallto higheranglesof attack. A largeincreaseIn controleffec-
tivenesscan be obtainedin the high angle-of-attackrange if symnet-
ricalnegativedeflectionsof -20° or less are used. Largenegativedeflec-
tions (8tr~ > -200)generallydo not providean additionalincreaseh
controleffectivenessat high anglesof attack. The effectsof symmet-
ricalcontroldeflectionon the control,characteristicsof the 10-percent-
area controlsare shownin figureU in the form of Q} K&} and A12z8.

Effect of controlarea.- The dataof figure10 for symmetrical.con- -
trol deflectionsof Oo and -200 are replottedin figureU to showthe
effectsof cantrolarea on the controlparameters

-.
C~; ~> ~d CZ6D

The effects of controlarea on the controlparmnerbersera dependentto
a largeextenton the symmetricalcontroldeflectia
(fig.U(a) ),

For 8t~=Oo
increasein controlarea causesan increasein control

effectiveness
r)C28

up to anglesof attackof abo@ 160 but also inc~ases.,__

the adverse ysx& mments throughoutthe e.ngle-of-atiackrsnge. The
increasein controleffectivenessia ~ roximatelyproportionalto the
Increasein controlarea for low anglesof attack. Above anglesof attack
of 160 an increasein controlarea causesa positiveincrementin CZ8.

P
With 8tr~ = -200 (fig.12(b)), the COntrOleffectivenessC18

increaseswith an increasein controlareaup to anglesof attackof
dbout320 and the yawingmcsnentswere favorableup to anglesof attack
of about16o. At hi.@eranglesof attack,the yawingmoliezrtswere adv&rse.
Increasingthe ccmtrolarea frcm 5 to 15 percentof the wing areamade
the yawingmanentsmore favomble at anglesof attackbelow 16o endmade
them more adverseat higheranglesof attack. The curvesof figure13
showthe anglesof attackfor whichthe yawingmcmentcausedby control
deflectionwas zero. The curvesactuallyare boundariesof favorable
and adverseyawingmoments. The regionbelow each curvehas favorable
-W mments, whereasthe regionabovehad adverseyawingmoments.
Corkrolareahas littleeffecton the curves.

The controlpartiers cm, ~# - CZ8 of the l>perceut-area

half-deltatip cmtrols are cmpared with the controlparsm&ers of 16.3.
percent-areaconstant-chordcontrolsin figure14 for 8t~ = 00. ~
constarrt-chordcontrolsare considerablybetterthan the half-deltattp
controlsfrom the standpo~ of bbth greder controleffectivenessand

. generallymailer adverseyawingmments. The constant-chordcontrols
do not lose controleffectivenesswith an increasein angleof attack
as rapidlyas do the tip controls.

.

. .=
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Effectof end plates.- The effectsof the additionof circularend” . .:
pldes a&!ace?rtto the inboardend of the 10-percent-areacontrolson -—

the controlparm@ters dependto acmeextenton the symmetricalcontrol
deflectionand angleof attack(seefigs.10(b),10(d),end U?). Gener-
allythe only consitienteffectof the end pl_ates-wast~ increasein -.
the valueiof %5 and ~ at high tiles of attack. The end Pl~e6 “ ~

..=..=

generallyhad a detrimentaleffec%on the c~rol effe~im-ss t- . -
the angle-of-attackrangeexceptfor ~~ = .-300 W high anglesof
attackwherethe end platesincreasedthe controleffe~iveness. w - .- -
end platesdelaythe angleof atte for adv&se yawingmomentsto higher
anglesof attackfor symnetricelcontroldeflections.leqsth~ awt -..
-280 (fig.13).

—

RolXng Effectiveness

Effectof symnetricalcontroldeflection;-The rollingeffectl=- ..

d‘b b was obtainedfor each controlconfigurationbyness parameter

use of the controleffectiv-ss ~~ CZb o% fi~e lo ad fie ---

In-rolldata (Cgp) of reference9. The effectsof symmetricalcontrol

+
pbaae~~ti

defI.ectlonon the rollingeffectl~ss x~ti ~

fIgure15. The Investigationof ref-rice 9 fidicatedthat the effects
of symmetricalcontroldeflectlonand control:ar-”on the dampingin
roll CZP were small.

With ~~ = 0° (fig.15(a)),the &Kimlmlrollingeffectiveness
occursat c%= @ with a rapidloss in effect~venessoccurringtith an
increasein sngleof ettack. This loss in rollingeffectivenesscanbe
attributedto the lossin controleffectivenesswith an increasein
angleof attack(fig.10). The primaryeffectof increasingthe symmet-
rical control.deflectionis a reductionin the loss of rollingeff’ec- ..
tlvenesswhich occurswith en increasein angleof attack. Eowever,
symmetricalcontroldeflectionsdo not bxease the rollingeffectiveness
overthat for a = 0° end”~~ = @. The constant-chordcontrols
have greaterrolllngeffectiveness(es@qciallyat high anglesof attack)
thanthe tip controls(fig.15(a)).

.

Inasmuchas sarical controldeflectlo& improve~“therolling
effectivenessat moderateend high anglesof @tack, figure16 was pre-

paredto Inti”catethe variationof
b

g with‘angleof attackwhen the

controlswere deflectedsymmetricallyin directproportionto the angle -
of attackbeginnings% a = OO.

— “.-
-—

. . .
.

—.,
.’

.=
. .

..

--:

.-
-.

,. ---
e’

--

.



2 NACA RM L5111Q 9

The data of figure16 presentthe effectsof vari~ions in the
. rateof changeof symetfical cotiroldeflectionwith sngleof atiack

?!&& ~. g. for each of the controlsizesInvestigated.An increase -.

in * from Oto -0.5 genersUycauses an Incraasein rolling

effectivenessthroughoutthe angle-of-attackrenge and delaysthe rever-
salthat occursat moderatelyhigh snglesof attackto anglesof tiack

above thti for maximumllft (about a“= 32°). when ?Q&isequsl

and oppositeto the angleof attack
( )
?%i?A = .1.0, en increasein

. &
rollingeffectivenessis obtainedthroughoutthe angl~of-attackrange
onlyfor the l>percent=tieacontrols(fig.16(c)).

Effectsof controlarea.- The effectsof conlnd area on ~fi

are shown In figqre15 for severalsymmetricalcontroldeflections.
-.-

Inasmuchas comhol area and symetricsl controldeflectionshad only

small effects on Czp &(reference9), the effectsof controlsrea on ~

are verynearlythe swne as the effectsof controlem+a on Cza. For

a%im=o to +0 at low angles
+

exemple,the &a of figure16, for —
&

of attack,showthat the rollln&effectivenessincreasesabout@mpor-
1= ,tionallyto the increasein controlarea. At high anglesof titack,

the effe~s of controlarea dependon the value of -“
&

Comparisonof Control.’end RollingEffectivenesswith Theory

The dashedcurvesof figure17 representtheoreticalvalues

F
of CZ5,g , ~d pb/2v

F
c for tip contrblsand were obtainedfrom

8

reference l.1for a = 0°

C= be consideredas sn
SOn on the a- basis.

b
&
2V

increasedwith an

The valuesof Czb .apdn
good a@waemt with the

trol sxea is increased,P
controlsrea.

efficiencyfactorsincelts use enablescompari-
As previouslynoted,the valuesof Cza end *..-
inc~aae in controlarea et low anglesof sttack.

2#
~

obtainedfrom referenceU are in very

~erimental vslues

the theorytendsto

for * = 0.05. As the cob

underestimatethe effectsof

. .
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w
.

In terms of ‘b’2v ~, the >perc&l&&” tiP c+~l~ ~ ~~~~ .-” ::=“~”-;;
8

as effIcientas the 16.3-percent-areaconstent=chordcm–trols.
..=

The
efficiencyof the tip controlsdecreaaeswith sn increasein control
areawhich is also indlc~ed by the theoryof reference.11.

-..._-

CQNCLUUCINS

●

The resultsof a low-speedInvestigation&de in the Lsngleysta-
----

bilitytunnelto detemninethe lateralcontrol.characteristicsof a _—

~“ triangular-wingmodelhavinghalf-deltatip controlshave indicated -. ~
the followingconclusions: -.. .- .. ..-

F*1. The control effectivenessCZ8 smd rolllngeffectiveness~

.of hslf.deltati.pcontrolswere much lowerthah thosefor constsnt-chord
controlsof approximatelythe samearea. The tip controlsalso lost

..

effectimess mch more rapidlywith an increasein engleof attackthan ‘~ ‘-~
dld the constant-chordcontrols● -. ----

—

2. The controltiectivenessend rollingeffectitinessof tip con-
...- ---

trols increasedin aboutdirectproportionto the increasein control -

area at low anglesof attack. .—
. .-

3. me controleffectivenessand rollingeffectivenessat ~de~te 9“

and high anglesof attackcouldbe Improved~” deflectingthe controls
,

symmetrically(traillngedgeup) in conjunctionwith asymmetricaldeflec-
tions. Symmetricaldeflectionsin con$mctionwith asynuuetficaldeflec-
tions decreasedor made fexoreblethe adverse@wing mcwsnts.

..-
—.. -.. . ----

4. An availabletheo~ couldbe used with”good acti$acyto predict- ““‘--~~--T
the controleffectivenessend rollingeffectitinesset zero angleof
sttack.

LangleyAeronautical“~boratmy
NationalAdvisoryCommittee

LangleyField,Va.

—.
..- . .. ..

. —.

for Aeronautics . .---- -.

* . -. ----- .

—
4.. .“.

-“”-5 :
—.— .-’. .:-

c+lB!RHd
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